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Ventilation is undoubtedly the greatest single safety factor in the oper~ 
ation of a coal mine. Ary condition or cecurrence that interrupts tre venti-~ 
lating current or changes its ncrmal course through the mine workings 1s a 
distinct hazard and shoul:} be considered as such by every coal-mine owner 
operator, and worker. The hazard, of covrse, is much greater in a mine that 
is emitting gas, as an explosive mixture can accumuiate in a very short period 
if the ventilating current is interrupted. It is common to find one or more 
entries producing 600 cabic feet or more of methane per hour. [If the venti- 
lating current were short-circuited from these entries for 19 minutes, there 
would be an accumulation of 150 cubic feet of methane, which, when mixed 
wD enoush air to dilute it to the lowest explosive point, would maxe about 

3,000 cubic feet of explosive mixture; this gas could be ignited in a:most any 
norma.ly operated mine by a cutting machine or other electrical equipment. 
The ignition of this quantity of an explosive gas-air mixture can readily 
cause an explosion of coal dust that would completely wreck the underground 
workings and possibly some of the surface structures. In fact, the ignition cf 
one-tenth of the above quantity of an explosive mixture of gas and air might 
readily start an explosion that would extend through every part of a large 
mine. 


The possibility of occurrence of interruptions to the ventilating current 
has received comparatively little consideration from mine owners, operators, 
and workers in many parts of the United States. Such a possibility snould be 
considered in connection with every mine that cives off explosive gas, and 
steps should be taken to prevent it. 


a a Sh ae ne a a 

1/ The Bureau of Mines will weicome reprinting of this paver, provided tne 
following footnote acknowledement is used: “‘Reprinted from Bureau 
of Mines Information Circular 72é2,”’ 

2/ Chief, ccal mining section, Mineral Froduction Security Division, Bureau 

of Mines, Washington, D. C. 
38/ Senior Mining Engineer, Coal Mine Inspection Division, Bureau of Mines, 
| Wasnington, D. C. 
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ii the ventilating fan should ston, with a resultant accumulation of ex- 
closive gas, it would be imvossible to ignite it by electrical arcs or sparks 
if the electrical power were cut off at the surface. 


At some mines the power is supposed to be cut off by an attendant on 
the surface when ne observes Shai tne fan has stopped; this method is by no 
means cependakle, although it might be more satisfactory if the attendant wer 
always near the fan and the switches controlling the underground circuits wer 
opened immeclately after the fan stepped. However, the attendant is not 
always rear the fen, and cnough time miisht elapse before he observed that the 
fan was stooped to allow =n accumulation of explosive gas to be ignited before 
tne circuits were onened; frequently the fan has no attendant, A fairly satis- 
factory method has been aiovted at some mines - the installation of devices 
that automatically open the undercround circuits when the fan ceases to 
function or-when tne ventilating current is reduced to some predetermined 
veiocity. 


weveral different tynes of power release and signal alarms in use are 
described in detail in aes paver. It is teiieved that a device of this kind or 
any other devices that serves the same purpose shouid be installed in every 
mine in which explosive ¢as is emitted, but it Should be instelled in sucha 
wey as not to interfere with the hoisting cages that are used to bring empleo: 
to the surface; the hoists that control the Se CAgES snouid operate frem a Ser 
rate power line. In some States the mining law now makes the use of such 
devices compulsory. 


be ae 
3 AY 


If the fan stops and the power is disconnected for more than a few 
rainutes,in a mine that gives off explosive cas, the men should be removed 
from the mine. After the fan has resumed its normal function and has been 
operating novreally for at least a few hours, thorough inspection should bs 
made of all’tre undersround workings before the men are allowed to return ta 
Work. 
and Signal 


Description of Several Tvres of Automatic Fower Release 


The several types of power release and signal described are based on 
difference in ventiiating cressure or on fan sreed for their operation. In ons 
type, the release of pressure against a vane operates the contact points,cf a 
switcn, and in other tyres the contact points are closed when the air pressur 
is equalized on two sides of a wail. 


igure 1 shows the tyne of power release and signal used by the Victor 
Lmerican Fuel Co, at its Colorado mines. The device consists of an alumimu. 
vane about 1/32 inch in thickness and anproximately 16 x 18 inches in area. 
The size of the vane is based upcn the velocity of the air in the fan drift where 
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3.— Cross section of Shaw automatic power release. 


Figure 
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Figure 2.—Cross section of power release used in entry stopping or fan drift. 
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it is to be used. This van is mounted ona sn.all shaft about 1/2 inch in 
dienieter and is suprorted between two ircn brackets, cne on the inside of the 
fan Ovift and the cther cn the oppesite side of the wall in the moter room. One 
end of cach bracket is drilled and tapped to hold a brass screw having a hola 
tored in one end to surrort the pointei ends of the van shaft. These brass 
screws are fitted with leck nuts to hold tnorm in proper adjustment, A paddle 
ari: about 1€ inches long, made cf 1/4-!*ch steel or iron rod, is mounted on 
one end of the vane shaft by means of a set screw, or is welded to the snait. 
On the other end of the paddle arm is a small gaivenired sheet-iron paddle 
about 2-1/2 inches wide and 4 inches long. In this paddle a hole about 1-1/2 
by 1-3/4 inches in size is ent, and on one side a small piece of the same ma- 
terial is hinged. This “‘clapper vaive’’ cverlaps the hole in the paddle about 
1/4-inch on ali sidzs. To prevent undue movement cf the paddie due to slight 
variations in the ventilaticn pressure, it is submerged in oil ina galvanizeca- 
iren tank about 4-1/2 inches wide, 5 inches deep, and 16 inches leng. Ordi- 
nary engine cil is suitable if outside temperatures are not extreme, anda 
little kerosine will thin the oi! in very cold weatner. Two mercury contact 
tubes are mounted on the face of a fiber disk about 1/2 incn in thickness and 
approximately 6 inches in diameter, and keyed cr fastened to the vane shaft. 
Prass clips similar to those on anclosed fuse blocks may be used to mount 
the tubes on the disk. These clips are driile? with one hole in the center and 
bolted to the fiber disk with about a 1/4-inch stcve bolt, which makes a con-- 
venient fastening and permits adjustment of the level of the tube to the proper 
angle so that the contact nieces within the tube are submerged to the prover 
depth in the mercury when the contacts are closed. The mercury tubes con- 
tain a gas that prevents corresion cf the contact roints, end as there is no 
open arc when contact is made tiere is no danger of ignition of gas that may 
be present. One tube is used to make and break the current taken from any 
110-vol. alternating-current cr 250 volt direct-current lighting circuit. Tne 
contacts in this tube are in scries, with a low veltave release coil controlling 
a circuit breaker inserted between the machine busbar and the feeder busbar. 
The low-voltage release coil, cf course, must be wound for the voitage that — 
is to be usec throuch the contact tube. ‘The other tube is sc placed that when 
the vane returns to a vertical position the mercury flows toward tne contacts 
and closes the alarm. beli circuit. Tnis aiarm bell can be placed at any lo- 
cation and as many can be used (placed at various points on the property) as 
are desired. Eatteries may be used for this circuit, but alternating. current 
nower and bell transformers can te substituted for batterics. 


Figure 2 shows a type of av tomatic power release and alarm that may be 
used in an entry stopnine or fan drift. Iutilizes the offect of the release of 
suction to scperate the mercury contact tubes. This device consists cfa a- 
inch vipe, lone enough to extend through a stopping or wail and about $ inches 
to on2 Side, To this vipe is connected] an L, the oren end of which nas been 
eround to make a tight scat with the lisht copper disk that is hinged to the lip 
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ar disk, a 1/4-inch rod is ees es 
when suction is relseseu and ih: 
riounted in a way similiar to tus 


i: the L. Ornosite the hinges on the orn 
erve af an arm to move he mercury tubes 
copper Gisk drovos. Theo mercury tubes ar 
one d escribes for the device shown in figu 
Fisure & shows the tyve of automatic power release developed and use. 

by the ees 1érS Minint Co. at its Harrarviiie (Fa.) mine. The cevice eon 


Sists of a piece of 6-incl PLpe, G-1/2 inch 12S long, to one end of wnica has btex 
Welicd a2 Pisce Of iron-or ste viate a 5-inch hole is cut ints the side of tac 
RBeinen pipe, inte which a & os ripe is welded, forming a T. The length of 


the o-inch rice varies with the thickness of eae fan drift wall. A 3/4-inch ne: 
is bored tion the plate, previously weidea to cneé end of the €-inch pire, 
and a bushing with a 1/4-inch hole sum ne A 1/4-inch rod about 15 inches 
long is attached tn a ccpper~shect disk ebout 7 inches in diametcr. This rod 
is inserted throuzh the bushing with a conner disk over the oven end of the 
6-inch vipe. Another 1/4-inch rod bent te Lor! 1 an Lis attached to the rod 
extending through the G-irch pir e an to the lever arm of a contact switch. 


\ The 5-inch ripe is placed re the wall of the fan drift in the sucticr 
side of the fan,about flush with the inner side of the wall. YVhe switch useu 
may be of ae contact or float type, and is connected in series with a iow- 
volitare release coil actieagery an cil switch for the mine circuit. When the 
fan is chorea copper disk is held flush against the bottom of the T 
because of suction of the air. When the fan stops, the disx will fall of its cw 
weight and throw the switch that operates the low-voltage roicase coil, w ne 
in turn controls the oil switch for the mine circuit. | 


Figure 4 shows an automatic power release and signal arrengement 
devoloped ard used by the Colorado Fuel & Iron Co. The arranzement of 
tnis device is somawhat similar to the onz whown in figure 1, with the exe 
‘ception that 2 U-tube is used instead of a vane and a relay panel controls the 
Slenal beli and cpens the release coii on the mine power circuit. 


_ To obtain the maximurn travel of the float where small pressures are 
used, or sméll travel.where the pressur2 is Seek it is necessary for tne 
U-tube to have one large and one small lice. A float carrying: a cup containin: 

mercury, which is covered with transformer oil to extinguish the arc, is 


placed on or:e leg of the U-tube. ane mer oil, sait water, elycerin, or 
any other liquid that will not freeze readily shoui’t be used in the U-tube. 


Figure 6 shows a simple arranvement designed to sive a signel warnin: 
when the fan stops or slows down. The device consists of a U-shaped pipe Ney 
a cork float on which is mounted a cup containing mereury, Suitable copper 
contacts, and necessary lead wires. The UJ-pipe is placed in the wall of tne 


9662 2 


bo 
1 


Google 


inh 
Open-circuit Closed-circuit 
battery B battery A 


Bell panel Relay panel 


Insulation 


To power circuit 


No voltage release coil which 
opens power circuit in mine 
when power is off line. 

This is standard equipment. 


_ Mercury 
contact 


Figure 5.— Automatic fan signal. 
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Figure 6.—Water-gage alarm. Will operate on either over or under pressure. Severe closure ot airway 
moves the arm above contact; severe short circuit drops the arm below contact. 
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Figure 7.—Timing relay used in alarm added to fan control. 
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fan house with the U on the outside and the other end extending into the intake. 
The U-pine is filled with salt water, glycerin, or any other liquid that will not 
freeze at tempcratures iikcly to be encountered. 


As long as the fan operates at its rated snced, the level of the liquid in 
the short leg of the U will be pulled down, carrying the cork with it; slowing 
down or stopping of the fan aliows the liquid to rise, making contact with the 
mercury and copper strip attached to oneofthe lead wires. The circuit is then 
completed and the signal bell rings, giving warning that the fan has slcwed down 
or stopped. 


Figure 6 shows a fan-failure-alarm signal system devised by the 
Pennsylvania Coal & Coke Corvoration. It consists of two signaling clements. 
One element is a modified Bristol water gage with the hand mounted on 2 bridge 
from a Westinghouse ammeter, and contacts added. The moving element is 
insulated and attached to the weter-gage bellows through a slotted section, 
by which the vertical motion of the rin on top of the bellows is changed into a 
circular motion of the contact arm. The stationary contact is of such length 
that if the contact arm were moved beyone maximum normal gage it would 
break contact; also, if the contact arm dropped below the ia st desirable 
gage, contact would be broken, opening the circuit of a contactor in thc 250- 
volt direct-current control circuit, which releases a solenoid valve on the 
air-pressure system causing an alarm whistle to blow. 


— other element in the signal system consists of a 0.5-kilowatt, 250- 
volt, direct-current generator which is belted direct to the fan shaft with a “‘V”’ 
belt, aA connected to a millivolt-ammeter used as a speed indicator. The 
speed indicator is calibrated by belting a variable speed motor to the Q.0- 
kilowatt generator and driving the generator at speods corresponcing to the 
speeds it would be driven by the fan. The water gage was calibrated by atiach- 
ing it to a pipe, extending down 25 feet from the top of the air. shaft, plugged 
at the end, and having four 1/18-inch holes drilled at right angles through this 
pipe about 1 inch from the piugged end 


Roth the speed-indicating meter and the alarm whistle should be located 
at the motor repair shop or at some other place where men are on duty when 
any person is in the reine. The air pressure required to operate the whistle 
is obtained from an auxiliary tank connected, through a check valve, to the 
regular compresséd-air system 


The Lehigh Navigation Coal Co.; Inc., added air-gate switches and the 
necessary reiays to its full-automatic and remote fan controls in order that, 


in addition to having a motor-failure alarm, an alarm would sound if a belt 
broke or slipped or if the ventilating pressure failed. The alarms are placed 


9668 ~5- 


Google 


Cu eoe 


at tne main substation, where at attendam is always on duty Selection of the 
prover relays for installation at the fan mede it unneccssary to run additisns! 
contre: lines from the fan to the substeticn., 


An air gate was fastened over a hole cut in the fan housing, end the a aba 
rata Switch was attached to the orick wall of tne fan-rnotor room. The #2%4 is 
a 15-8/4 oy 5/16-inch st221 piate suspe nded ona hinge pin from which a louver 


end rod transmit the motisn to the s itca. bagi the fan is in Operation, alv 
presstre fails, the cate evrings by ae avity to a vertical ered Nermoally tre 


Bole SWItCh 12 OPen, buts Son ins eir-oressure fails it 1s closed. 


jeavy lines in the wiring diagram (Fig 7 ‘), which includes cmy controi 

sipeiais indicate the connections which were added to install the air-gate 

Switch and two relays. This tvpe MC mate is set at 2 point betwecn 2O seconts 
and 1 minute. When the air-gnate switch is closed because of ventilating 
pressure - positive or nogative Ge xending on whether the fan is blowing or 
exhausting ~ timings of the MC rélsy ba: gins. Its final opsration opns the con- 
tacts of the P.) 36 hand-reset relay, which in turn dgener a Jow-voltar: 
contactors. That action dsenergizes 21] contactors . When the SR reley crcrs 
the red lamn, which indicates norms! operation, is turned off, oa erocnin 
lights, and the bell is scunded. When the stertine button is pushed for norzint 
starting of the fan, the low-voltage coil becomes encrgized to clos. > its con- 
tacts, which in turn energizes the MC relay through the air-zgate switel peenoe mers 
lings contacter to start the motor If the motor accclerates properly and com.: 
up to specd before the MC relay has had time to act the air rate is pulled to 
operating position by the 2ir pressure, and the air-vate switch thus dcenergiz.s 
the MC reley. During the nermal starting Heriod the closing ci the tine! con- 
tactor, which suort-circuits all rotor resistance, also operates the transfor 
switch; one of the functions of this transfer switch is to clos: the SR contac 
thus lichting tno red lamp and decnergizing the bell, which has been ringing 
during 2ceelo22tion. | 


Figure 3 shows 4 signal develoved fy the Knox Conse ligated Coal Corr: 
ation and Drovi Pe es ee ine Tee ‘oni os SLOP DEGe ‘ 3 3/ SAS incon cine Was aap yeeS 


into the discnerz2 end of the fan cusine, and air flowing throurh the Pee Dies 
AC ainSt peli Teounieo 4 2 bell ba ne The prddle in turn hola gee eon’! 
In-The-ClO Sed MoSition, Out if the fan Should Stao the paddle darcps aoe onins 
th: contact and breaking the circuit to am oe towel cht causing 2 whictis po 


blow. 


Figure 9 shows another cconomicel ond practical mecthed to indicate by 
visual and aucible signals the stoppege of the ventilating fan. The drive © den J 
can be instalicd at any point on the ian shaft but usually is boltcd onto the xn 

of the end that is rnost convenicnt. AY ereall direet-current moter may ve 


used as a gsncrator if driven slichtly above its speed asa motor. The volte’ 


yy 
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Figure 8.—Sketch of fan=-operation indicator. 
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Figure 9.— Details of fan signal system. 
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Figure 11.—Plan of power release in an entry or split. 
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gencrated will bear a definite relation to the speed, so that a voltmeter can be 

calibrated in revolutions per minute instead of velts. Ordinarily, where the 

fan is operated at several speeds, this calibration is made by actual runs after 

tig equipment is installed so that ths readings are correct. Any small crop- 

cut contactor can be used, for voltagc is induced only when the fan is in oper- 
ation, 


The sienal can be any audible indicator which is operated by.a storage 
battery to give a positive source of power. If the fan operation or the line or 
gonerator fails, the r.p.m. meter will drop to zero, 2nd the audible signal will 
sound. 


Figure 10 shows the wiring system of a signal to disclose fan operation 

or stoopage at the mines of the Cambria Fuel Co A 12-volt generator, sal- 

vaged from an automobile, was frstened to the fen bearing and driven by a “‘V”’ 
belt. Telephone wire was used for the circuits and an old ammcter installed 
to snow the fan revelitions. In making the installation the cut-out was removed 
frora the generator, and the original large winding was replaced with 40 turns 
of No. 2d B. & S&S. wire so that it would orpose the 6-volt coil and hold the cut- 
out open until the fan slowed down. Upon slowing of the fan, the cut-out closes 
and causes a horn to biow; the horn motor is supplied with power from a 6-volt 
Storage battery. In this wiring plan, the generator is also used to charge the 
horn battery (1/2 mile of circuit will consume 6 volts, leaving the rest for 
battery charging). 


Use of Automatic Power Relvases and Signals Underground 
Numerous explosions have occurred during recent years because doors 
lave been left open during the work shift; this short-circuiting of the ventilating 
current allows gas to accumulate, and carelessness with electricity or open 


lights has brought about ignitions, with numerous fatalities. 


Doors for controlling ventilation snould be eliminated insofar as possible, 


but where et ere used they should be protected by a signal- and power-releasc 


device to give warning and to turn off the power from that particular section of 
the mine when ne door hes been left open. Some of the devices previously 
described can be used for this purpose. Preferably decors should be installed 
in p2irs, with enough space between them to pcrmit a trio of coal to pass 
through without having both doors open at the same time, but where at all 
feasible overcasts should be used rather than doors. 


Figure 11 shows an arreng2ment of a power release on an entry or split, 


using the device shown infigure 1. In airwrys or entries where the vane might 
interfere with any of the mine activities, ony of the U-tube types of power 
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relenses may be Used. “lo.eliminate the possiolity 01 gas Or dust Deine ign 
from the circuit brceker, it should be of the enclosed oil type and lecntoa on 
the main entry in pure intake air. Those underground installations should b: 
adequately protected to prevent damage from falls of roof. 


The automatic power releases and sicnals described heroin may be usv? 


> 


to adventage at any sassy mine. Eosides boing frctors of safety in reionsin: 


Cate im, 


the rower and giving warning when the fan stops running or 2 door is icft op:r 
at many min2s they aiso eliminate the use of a fan attendant. These deviccs 


re 


are not manufrctured for sale; however, they are simple in design and irstl- 
lation and can be made in most ming machine shops, 


ce 
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